The quality characteristics of meat from 50-day-old Pomeranian lambs (PP) and crossbreeds by Berrichon du Cher (PB) and Charolaise (PCH) rams were determined in the study. Samples of the quadriceps muscle of the tight (m. quadriceps femoris) were taken to determine the chemical composition, physicochemical and healthful properties of meat, such as energy value, concentrations of cholesterol and collagen and the fatty acid profile in intramuscular fat. A sensory evaluation of lamb and texture measurement were also performed. It was found that both sire breeds had a significant effect on meat quality. Meat from crossbreds contained more dry matter and protein, and was characterized by a more desirable W/P ratio, a lower calorific value, a lower collagen content and better texture parameters. Crossing had no considerable influence on the fatty acid composition in intramuscular fat, but caused changes in the cholesterol content of meat, which decreased in PB lambs and increased in PCH lambs. Taking into account the health benefits and culinary values of lamb, Berrichon du Cher is a preferred sire breed.
Introduction
Lamb has been gaining wide recognition recently. This low-calorie, easily digestible meat of a high nutritive value and unique culinary properties (ENDER et al., 1997; BRZOSTOWSKI et al., 2001; PFEUFFER, 2001; KŁOBUKOWSKI et al., 2002; HOFFMAN et al., 2003) meets consumer expectations. Lamb is also rich in vitamins, minerals, essential amino acids (BRZOSTOWSKI et al., 2004) and biologically active components, e.g. conjugated linoleic acid (CLA), carnitine and orotic acids (PATKOWSKA-SOKOŁA et al., 2004) . In addition, lamb has a desirable fatty acid composition (HEYLEN et al., 1998) . The health benefits of meat from lambs are related primarily to the diet (LEIBETSEDER, 1996; NUERNBERG et al., 2001; SZUMACHER-STRABEL et al., 2001; SANTOS-SILVA et al., 2002; GRUSZECKI et al., 2004) , followed by the genotype and proper sire breed selection (ENDER et al., 1997; KLEWIEC et al., 2000; SUESS et al., 2000; LIPECKA et al., 2001 a, b; BORYS et al., 2003; HOFFMAN et al., 2003) . The aim of the present study was to determine the quality and sensory characteristics and texture parameters of meat obtained from Pomeranian lambs and crossbreeds of Pomeranian ewes with Berrichon du Cher and Charolaise rams. The Pomeranian sheep is a local meat breed in Poland distinguished by high resistance on the environmental conditions and low feeding requirements. These sheep are medium-early maturing and their meat is reported to be very good tasting.
Materials and Methods
The experiment was performed on 50-day-old single purebreed Pomeranian ram lambs (PP) and F 1 crossbreeds by Berrichon du Cher (PB) and Charolaise (PCH) rams, 12 in a group. In each group there was offspring coming from the one ram among used to mate. They were fed according to Polish standards for breeding lambs (RYŚ, 1998) , in the same way in all groups. Apart from mother's milk, they were given meadow hay, maize silage and concentrate mixture for calves and lambs CJ. All the ram lambs characterized themselves similar body mass before slaughter. After slaughter and carcass chilling, samples of quadriceps femoris were taken for quality analysis. The following determinations were made: dry matter -by sample drying at 105 o C; crude protein -by the Kjeldahl method; crude fat -by the Soxhlet method; crude ash -by sample incineration at 550 o C; pH -48 hours after slaughter, with a Radiometr PHM 22 pH-meter; color -with a Specol spectrocolorimeter with an R 045 remission attachment at a wavelength of 560 nm; water-holding capacity -by the GRAU and HAMM method (1953) ; fatty acid composition in intramuscular fatby esterification (PEISKER, 1964) followed by gas chromatography with a PYE Unicam chromatograph, series 104 with flame-ionization detection, on a glass column (length 2.1 m, inner diameter 4 mm) (ŻEGLARSKA et al., 1979) ; gross energy -with a KL 10 adiabatic bomb calorimeter; cholesterol -by the method proposed by KOMPRDA et al. (2000) with an EPOLL 200 colorimeter; collagen -by the BLOMFIELD and FARRAR method (1964) . A sensory evaluation of meat was preceded by thermal treatment, as described by BARYŁKO-PIKIELNA (1975) . A five-point scale was applied, taking into account the following quality attributes of cooked meat: tenderness, juiciness, aroma (intensity and desirability) and taste (intensity and desirability). The sensory evaluation of meat samples was always conducted by the same testing panel consisting of five experienced people in the field. Instrumental measurement of raw meat texture was performed at 18 0 C, using a universal testing machine (Instron UTM 4301) with Instron software, IX Series, ver. 8.04. A shear test (CIERACH and MAJEWSKA, 1997) and a double compression test (TPA) were conducted to 50% sample strain, at a load of 0-1000 N and the speed of a measuring element (knife or compression die) of 50 mm/min. (BOURNE, 1978; CIERACH et al., 2000) . The TPA test was performed on 10 cm x 15 cm x 15 mm samples, using a compression die (type 2830-011). The following texture parameters were determined: toughness I (T 1) -maximum force (F 1 ) required for the first compression; toughness II (T 2 ) -maximum force (F 2 ) required for the second compression; cohesion (S) -ratio of the positive force area during the second compression over that in the first compression; elasticity (E) -increment in sample height after the first compression; gumminess (G) -product of T 1 and S; chewiness (P) -product of T 1 , S and E. The shear test was performed on 10 cm x 10 cm x 20 mm samples, using a single-knife shear element (Werner-Bratzler, type 2830-013). The maximum shear force (F max ) and energy (E max ) were determined. The results were analysed statistically with Statistica 6.0 packet, using ANOVA procedure in a one-factor orthogonal design and Duncan test.
Results
A comparison of the chemical composition of meat from PP lambs and crossbreeds (Table 1) shows that it was considerably affected by sire breed. 
Meat from crossbreeds contained more dry matter (P ≤ 0.01) and ash (P ≤ 0.05), but was darker and had a better water-holding capacity. More significant differences were observed between meat from purebred lambs and crossbreeds by Charolaise rams. Meat from PCH lambs had a significantly higher protein concentration (P ≤ 0.05) and a lower W/P ratio (P ≤ 0.01). An analysis of the healthful properties of lamb indicated distinct differences between groups in terms of calorific value and concentrations of cholesterol and collagen.
Meat from crossbreeds, especially those by Charolaise sires, had a lower energy value (P ≤ 0.05) and a significantly lower collagen content (P ≤ 0.01). The cholesterol concentration was significantly lower in meat from PB lambs (P ≤ 0.05) and significantly higher in meat from PCH lambs (P ≤ 0.01), compared with the other groups.
Crossing caused significant changes in the fatty acid composition in intramuscular fat (Table 2) However, the proportions between particular acid groups did not change greatly.
Meat from crossbreeds got much higher scores in an organoleptic assessment for the intensity and desirability of taste (Table 3) , but the mean scores were similar in all groups. However, meat from crossbred lambs had more desirable texture parameters. The double compression test (TPA) showed that meat from crossbreeds by Berrichon du Cher rams had the lowest level of toughness and the highest levels of cohesion, elasticity, gumminess and chewiness, compared with meat from purebreds. All these differences were confirmed by a statistical analysis. Meat from crossbreeds by Charolaise sires was also less tough than meat from Pomeranian lambs (P ≤ 0.05), but much less cohesive (P ≤ 0.01). Better meat texture parameters recorded in crossbreeds with the TPA test were confirmed by the shear test. It was found that meat from purebred lambs required the greatest shear force (25.97 N) and shear energy (0.28 N), followed by meat from PB and PCH lambs, but the differences between the last two groups were smaller (P ≤ 0.05).
Discussion Changes in the chemical and physical properties of meat from lambs, observed in consequence of crossing Pomeranian ewes with Berrichon du Cher and Charolaise rams, confirm that meat quality is determined genetically, as demonstrated by HOFFMAN et al. (2003) . The better quality of meat from crossbreeds resulted from significantly higher concentrations of dry matter and protein (LEIBETSEDER et al., 1996; SUESS et al., 2000; NUERNBERG et al., 2001) . A lower W/P ratio, typical of meat from such lambs, indicates a higher degree of maturity. Particular attention should be paid to the increase in protein content, which improved both the dietary value of meat and water-holding capacity. A higher concentration of protein in meat from crossbred lambs, as well as a greater degree of its maturity, were also reported by HOFFMAN et al. (2003) and BRZOSTOWSKI et al. (2004) . The darker color of meat from crossbreeds was most probably caused by changes in the chemical composition, which in turn affected light reflection. This parameter seems to be related to the dam breed as well. Other studies on lambs slaughtered at 50 days of age, where dam breeds were Polish Merino (TAŃSKI et al., 1994) or Kamieniecka (BRZOSTOWSKI et al., 1997) showed that meat from lambs of the former group was much lighter in color than meat from those of the latter group, regardless of the sire breed. Changes in the fatty acid composition in intramuscular fat, observed in the present experiment, had no considerable effect on the healthful properties of meat, because the proportions between particular groups of acids, including hypo-(DFA) and hipercholesterolemic (OFA) remained relatively unchanged. Unlike BRZOSTOWSKI et al. (2004) , we found that meat from crossbred lambs had a lower calorific value, which may be related to lower fatness. The significant decrease in cholesterol level in meat from crossbreeds by Berrichon du Cher rams is certainly very positive, but the increase in cholesterol concentration in meat from crossbreeds by Charolaise sires is not dangerous, either, because lamb generally contains much less cholesterol than other kinds of meat (HASIK et al., 1999) . The results of our study indicate that proper breed selection for crossing may affect the cholesterol content of meat, as reported by ARSENOS et al. (2000) and BRZOSTOWSKI et al. (2004) . This concerns also collagen, a structural component of connective tissue, whose decrease may improve meat protein digestibility (BRZOSTOWSKI et al., 2004) . It is also possible that apart from chemical composition this was one of the factors that determined better texture parameters of meat from crossbreeds. Changes in the texture of lamb as a result of crossing were also reported by KACZOR et al. (2000) . The use of objective methods for texture parameter measurement provided a basis for a reliable estimation of the effects of sire breeds on the culinary value of meat from crossbred lambs. This confirms the opinion that a sensory evaluation and instrumental analysis complement each other and should be performed simultaneously for best results (CIERACH and MAJEWSKA, 1997) . The positive changes in meat quality prove that Pomeranian ewes can be successfully mated to both Berrichon du Cher and Charolaise rams. However, the preferred sire breed is Berrichon du Cher, due to healthful properties of meat, especially a lower cholesterol level, as well as better texture parameters.
